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Foreword

The text of document 47F/82/FDIS, future edition 1 of IEC 62047-9, prepared by SC 47F, Micro-
electromechanical systems, of IEC TC 47, Semiconductor devices, was submitted to the IEC-CENELEC
parallel vote and was approved by CENELEC as EN 62047-9 on 2011-08-17.

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. CEN and CENELEC shall not be held responsible for identifying any or all such patent
rights.

The following dates were fixed:

— latest date by which the EN has to be implemented
at national level by publication of an identical
national standard or by endorsement (dop) 2012-05-17

— latest date by which the national standards conflicting
with the EN have to be withdrawn (dow) 2014-08-17

Annex ZA has been added by CENELEC.

Endorsement notice

The text of the International Standard IEC 62047-9:2011 was approved by CENELEC as a European
Standard without any modification.

In the official version, for Bibliography, the following notes have to be added for the standards indicated:
IEC 62047-2 NOTE Harmonized as EN 62047-2.

IEC 62047-4 NOTE Harmonized as EN 62047-4.
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Annex ZA
(normative)

Normative references to international publications
with their corresponding European publications

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

NOTE When an international publication has been modified by common modifications, indicated by (mod), the relevant EN/HD
applies.

Publication Year Title EN/HD Year

IEC 60749-19 - Semiconductor devices - Mechanical and EN 60749-19 -
climatic test methods -
Part 19: Die shear strength

ISO 6892-1 2009 Metallic materials - Tensile testing - EN ISO 6892-1 2009
Part 1: Method of test at room temperature

ASTM E399-06e2 2008 Standard Test Method for Linear-Elastic - -
Plane-Strain Fracture Toughness K Ic of
Metallic Materials
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SEMICONDUCTOR DEVICES -
MICRO-ELECTROMECHANICAL DEVICES -

Part 9: Wafer to wafer bonding strength measurement for MEMS

1 Scope

This standard describes bonding strength measurement method of wafer to wafer bonding,
type of bonding process such as silicon to silicon fusion bonding, silicon to glass anodic
bonding, etc., and applicable structure size during MEMS processing/assembly. The
applicable wafer thickness is in the range of 10 um to several millimeters.

2 Normative references

The following referenced documents are indispensable for the application of this document.
For dated references, only the edition cited applies. For undated references, the latest edition
of the referenced document (including any amendments) applies.

IEC 60749-19, Semiconductor devices — Mechanical and climatic test methods — Part 19: Die
shear strength

ISO 6892-1: 2009, Metallic materials — Tensile testing — Part1: Method of test at room
temperature

ASTM E399-06e2: 2008, Standard Test Method for Linear-Elastic Plane-Strain Fracture
Toughness K Ic of Metallic Materials

3 Measurement methods

3.1 General

There are different ways to measure bonding strength such as visual test, pull test, double
cantilever beam test using blade, electrostatic test, blister test, three-point bend test, and die
shear test.

3.2 Visual test

3.21 Types of visual test

From colour change of silicon substrate and surface of glass, this method tells you only a
general information like whether the material is bonded or not. The visual test shall be

performed to confirm whether substantial other bonding tests are required, and/or to identify
the area that the bonding tests shall be conducted.

Optical microscope shall be used to evaluate the bonding interface of glass to silicon and
glass to glass.

An infrared (IR) camera shall be used to observe voids existing in the bonding interface of
silicon to silicon

NOTE Visual test is a simple qualitative test method.
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3.2.2 Equipment

One or a few equipments of optical microscope, scanning acoustic microscope, scanning
electron microscope (SEM), transmission electron microscope (TEM), and IR or optical
camera can be used.

3.2.3 Procedure
Steps to measure voids areas are as follows:

a) To observe voids, use the IR or optical microscope.
b) To take images of voids, use the IR or optical camera, or scanning acoustic microscope.

c) Measure voids areas using the observed images.
3.24 Expression of results

Check and simply indicate using the mark “V” the observation result based on Note 1 in
Table 1 for each case.

Table 1 — Example of visual test

good fair poor

Visual test

NOTE 1 good — complete bonded area fraction larger than 95 %, fair — complete bonded area fraction larger than
75 %, poor — complete bonded area fraction less than 75 %.

3.3 Pull test
3.3.1 General

As shown in Figure 1 this method is used to measure wafer bonding strength using general
tensile test method. After preparing for bonded wafer using various methods, a bonded wafer
is divided to square shaped specimens by dicing process. After dicing, dimensions of areas
(4) are measured. Top-side and back-side of a specimen of wafer bonded are glued to top
stud connected with load cell and bottom stud, respectively, using selective adhesive. And
then it is pulled upward until fracturing. In case that the wafer-to-wafer bonding to be tested is
very strong, fracture often occurs from the adhesive. In the case, pull test is not applicable.
Therefore, pull test is applicable only the case that bonding is not very strong and fracture
occurred at the bonding interface. During pulling process, applied force or fracture force (F)
is measured with time as shown in [A¢1) Annex A (¢il. Therefore, bonding strength could be
calculated by Equation (1).

o —i (1)
A4

where

o. is bonding strength when debonding or fracture occurs;

F. is applied force (fracture force) when the debonding or fracture occurs;
A is the area of the test sample.
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